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Preliminary study of heavyweight concrete has been conducted, providing basic information of mix 
design to attenuate γ-ray. This study summarizes some mixtures and compares with mixtures that 
are widely used in Thailand since the potential of local materials is needed to be more explored. 
Proportional determinations of heavyweight mixture are majority affected by workability, density, 
and material cost; the lack of these data is also another reason in performing this study. We limit 
our study into barite (BaSO4) because they are highly available in Thailand and we expect to use it 
for a mass production. Modification experiment is expected to achieve effective barite concrete 
mixture using local material from Thailand and measure relevancy when it applies in Thailand. This 
experiment evaluated density of concrete, compressive strength, and linear attenuation coefficient 
of concrete as parameter to determine the effectiveness of the mixture. 7 different barite concrete 
mixtures with 3 variations of w/c ratios and 3 classifications of coarse aggregate percentages will be 
examined. Using Cesium-137 and Cobalt-60 energy sources, linear attenuation coefficient (µ) of 
barite concrete will be measured with different energies which are 0.662 MeV, 1.173 MeV, and 
1.332 MeV. W/c ratio has significant impact to workability, associated to strength of concrete and 
indirectly influences the concrete density. Not only w/c ratios, percentage of coarse aggregate in 
mixture also impact to linear attenuation coefficient of concrete. We concluded that the effective 
barite coarse percentage for appropriate workability but still has high density and strength is 0.65 
for all water-cement ratios. Consideration addition percentage of coarse aggregate into mixture 
must be taken wisely due to segregation effect and voids in concrete. Furthermore, barite concrete 
has high capability to attenuate γ-ray due to high density. These novel insights may be useful for 
various applications e.g., nuclear power plant and medical units. 
Keywords: Barite, Concrete Mixture, γ-rays Attenuation, Heavyweight Concrete 
1. INTRODUCTION 
The power consumption increases in every year equal to growth of population. Developing 
cheaper energy resource with low pollution is needed immediately before fossil energy resource 
become scarcity. One of energy sources is nuclear energy, which is dependable, clean, and pollutant 
free. Bringing nuclear energy as power has consequence in term of safety. More protection is 
needed to prevent hazard that might be happen as result of nuclear reaction. Nuclear reaction 
produces radioactive especially gamma-rays that needs more handling comparing to other building 
although in mechanism of producing energy is not much different in coal, fuel, or other resources to 
generate the electricity power. Moreover, special handling for gamma-ray shall be provided more 
solid in density and more thickness in shape that cannot be achieved by using normal aggregates. 
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In term of increasing density and decreasing thickness of concrete special material is used. 
Heavyweight concrete is specific requirement of concrete performance in density and unit weight 
by using heavy material. As stated in ACI(ACI 2009), using natural heavy material can be achieved 
density more than 3,840 kg/m3 and 5,450 kg/m3 than that of synthetic heavy material. Barite 
(BaSO4) is most general used as mixture aggregate in heavyweight concrete. Many researches 
(Topçu 2003, Akkurt, Basyigit et al. 2006, Kilincarslan, Akkurt et al. 2006, Akkurt, Akyildirim et 
al. 2010) had been conducted to examine capability of barite in term of gamma-rays shielding 
material. Furthermore, research and application of barite aggregate in Thailand as mixture in 
concrete is still less despite barite deposit is abundant and almost in all Thailand. 
In this paper, measuring the attenuation coefficient of barite concrete produced in Thailand 
and compared to barite concrete that produced in different countries to investigate effect of physical 
properties in barite aggregate and application in varies of mixture corresponding to attenuation 
capability. materials and methods 
2. MATERIALS AND METHODS 
2.1. Materials and Mix Compositions 
Mixture of heavyweight concrete using barite aggregate is explained in this section. 
Experiment information about physical properties also is set as shown in Table 1. 
Table 1 Properties of Barite(Wongchirung 2011) 
Type of Aggregate 
Density  Unit weight 
Water 
Absorption Void 
(kg/m3) (kg/m3) (%) (%) 
Coarse 3910 2480 1.22 36 
Fine 4195 3170 0.21 24 
Portland cement type 1 was used to cast in this experiment. For control sample, ordinary 
aggregate was casted using river sand as fine aggregate and limestone as coarse aggregate. Barite 
aggregate had crushing process with passing control sieve no. ¾‖ before it was used in mixture. 
Moreover, mixture was designed to have 75 mm slump values. Using Topcu experiment(Topçu 
2003) as comparable, cement content was used amount 350 kg/m3 for all concrete mixture. This 
mixture is used for measuring compatibility in all kind of barite aggregate.     
Table 2 Mixture Composition of Concrete(Wongchirung 2011) 
Name 
Concrete w/b ratio 
Course 
Aggregate 
Rate 
Quantity 
of Water 
Fine 
Barite 
Coarse 
Barite 
Fine 
Ordinary 
Coarse 
Ordinary 
(%) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) 
N1 
0.5 
0.45 
175 
- - 1215 646 
N2 0.5 - - 1350 514 
N3 0.55 - - 1485 317 
B1 0.5 0.55 175 2150 604 - - 
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B2 
0.57 
0.45 
200 
1760 920 - - 
B3 0.5 1955 711 - - 
B4 0.55 2150 500 - - 
B5 
0.65 
0.45 
228 
1760 803 - - 
B6 0.5 1955 593 - - 
B7 0.55 2150 384 - - 
In Table 2, the composition mixture were showed with varies of w/b ratio of 0.5; 0.57; and 
0.65. Those number of w/b ratio was modification from Kilincarslan experiment(Kilincarslan, 
Akkurt et al. 2006). More modification also had been done by rate difference of course aggregate 
due to total volume of aggregate in previous model.  
2.2. Experiment Program 
Casting 10 different concrete mixtures were made in three varies of w/b ratio and three 
classifications due to percentage of course aggregate. Using sample 100x100x100 mm, linear 
attenuation coefficient is measured. Two different γ-rays sources were used in caesium-137 (137Cs) 
and cobalt-60 (60Co) with emitted 0.622 MeV, 1.173 MeV and 1.332 MeV of energies respectively. 
The Beer‘s Law or exponential attenuation law has given equation to calculate linear 
attenuation coefficient (µ, cm-1) in material as follow 
 
»
¼
º
«
¬
ª 
0
ln1 I
I
xP  (1) 
Where I and I0 are intensity of radiation after and before shooting the material in several 
counts and x is the thickness of material. Beside linear attenuation coefficient, density and 
compression strength of barite concrete also measured.    
2.3. RESULT AND DISCUSSION 
In this study, mechanical and physical properties of barite concrete was investigated. Unit 
weight in heavyweight concrete is major physical property to measure concrete capability to 
attenuate gamma-rays. As shown in Figure 1, barite concrete can achieve 3,300 kg/m3 higher than 
Topcu experiment and ordinary concrete that produced with similar cement content, but it is lower 
than Kilincarslan experiment. Moreover increasing of water-cement ratio will affect decreasing of 
unit weight significantly and conversely in term of application barite coarse percentage. 
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Figure 1 Difference of Unit Weight by w/c ratio 
The compressive strength is major mechanical properties in concrete but it is not priority in 
heavyweight concrete comparing with workability. In fact, application in structure is still needs 
high compressive strength to resist any loads. Theoretically, the compressive strength will inversely 
proportional with w/c ratio and workability. Increasing percentage of barite coarse can be rated to 
resolve this problem. As shown in Figure 2, increasing percentage of barite coarse impacted to 
increase of compressive strength. Further, suitable workability is also achieved. Even though 
compressive strength of barite concrete is lower than ordinary concrete but it can achieve 
approximately 30 MPa. As expected, sample B1 has highest compressive strength among barite 
concrete due to lowest w/c ratio and highest percentage of barite coarse.  
 
 Figure 2 Variation of Compressive Strength by Concrete Sample 
In correlation with capability to attenuate gamma-rays, linear attenuation coefficient of 
barite concrete had been calculated and measured from cesium-137 (137Cs) and Cobalt-60 (60Co) 
sources for 0.662 MeV, 1.173 MeV and 1.332 MeV energies. Although barite concrete have 
different of w/c ratios and percentage of coarse aggregate, linear attenuation coefficient of barite 
concrete relatively have similar range in both energies.  
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Figure 3 The Linear Attenuation Coefficient from 0.662 MeV and 1.332 MeV energies compared with Kilincarslan 
Experiment(Kilincarslan, Akkurt et al. 2006) 
Furthermore, comparing experiment result that was gotten with Kilincarslan experiment 
shown that linear attenuation coefficient barite concrete is higher on both energies despite have 
similarity in cement content. It is related to contribution of barite coarse percentage in mixture 
affects in shielding capability. Those can be seen in some sample that have higher percentage of 
barite coarse such as B1, B4, and B7 than other samples in each varies of w/c ratios as displayed in 
Figure 3 above.  
  Influence of shielding capability in material especially concrete is relying on its density. As 
displayed in Figure 4, linear attenuation coefficient (µ) as a function of density shown that linear 
attenuation coefficient of barite concrete will increase parallel with increasing of density.   
   
   (a)          (b) 
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(c) 
Figure 4 Difference of Linear Attenuation Coefficient from (a) 0.622 MeV, (b) 1.173 MeV, and (c) 1.332 MeV energies 
for Density of Material 
3. CONCLUSIONS 
Improving effective mixture especially barite concrete mixture with approaching Topcu 
experiment and modification Kilincarslan experiment using local material from Thailand had good 
agreement in term of unit weight and linear attenuation coefficient (µ). Unexpected result of density 
was found, should be examined and measured more in details. Barite coarse aggregate addition was 
effective to increase density, workability, compressive strength, and linear attenuation coefficient. 
In other hand, consideration addition percentage of coarse aggregate into mixture must be taken 
wisely due to segregation effect and voids in concrete. Percentage of coarse aggregate that is 
recommended is using 0.65 with low w/c ratio. Thus, barite concrete was suggested to use where 
radioactive protection is required because it was easy in mixture application and widely found in 
Thailand.      
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